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By modifing the procedure reported by Stone and Little, we have been able to
make substituted fulvenes on a large scale and maintain good yield. Treatment of
6-tert-butylfulvene with lithium diethylamine gave, upon work-up, neopentylcyclo
pentadiene in 83% yield. Treatment of neopentylcyclopentadiene with n-butyllithium
followed by zirconium tetrachloride gave [r^-CsH^^CCa^^ZrC^ in 19% yield.
Treatment of 6-tert-butylfulvene with lithium 1,2,3,4-tetrahydroisoquinoline gave, upon
work-up, neopentylcyclopentadiene in 71% yield- and a mixture of 3,4-dihydroiso-
quinoline, 1,4-dihydroisoquinoline and isoquinoline in 72% combined yield. Treatment
of 6-methyl6-phenylfulvene with dilithio-/-proline at -78 °C gave, upon work-up, a 99%
yield of 1-cyclopentadienyl-l-phenylethane, 17.4% ee. Treatment of
6-methyl-6-phenylfulvene with dilithio (s)-(-)-2-pyrrolidone-5-carboxylic acid at -78 °C
gave, upon work-up, a 99% yield of 1-cyclopentadienyl-l-phenylethane, 8.7% ee.
Treatment of 1-cyclopentadieny-ll-phenylethane (8.7% ee) with one equivalent of
n-BuLi followed by treatment with lithium cyclopentadienide and ferrous chloride gave,
upon work-up, [CsHsHCgH^CHCOtyCgHsflFe, 10.5% ee. Treatment of
1-cyclopentadienyl-l-phenylethane (17.4% ee) with one equivalent of n-BuLi followed
by treatment with cyclopentadienyltitanium trichloride gave, upon work-up, a 48% yield
of [C5H5][C5H4(CH(CH3)C6H5)]TiCl2. Treatment of 1-cyclopentadienyl-l-phenyl-
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ethane (17.4% ee) with one equivalent of n-BuLi followed by treatment with zirconium
tetrachloride gave [C5H4(CH(CH3)C6H5)]2ZrCl2 in 78% yield. Treatment of
6-tert-butylfulvene with excess of cyclopentadienyl lithium gave, upon work-up,
l,l-bis(cyclopentadienyl)-l-tert-butylmethane in 34% yield. Treatment of
l,l-bis(cyclopentadienyl)-l-tert-butylmethane with two equivalent of methylmagnesium
bromide or isopropylmagnesium chloride followed by quenching with D2O gave
I,l-bis(cyclopentadienyl)-l-tert-butylmethane-d2 in 56.9% and 84.1% yield respectively.
Treatment of fluorenyl lithium with 6-tert-butylfulvene gave, upon work-up, a 44% yield
of 1-cyclopentadienyl-l-fluorenyl-2,2-dimethylpropane as a yellow solid. Treatment of
this yellow solid with two equivalent of n-BuLi followed by treatment with zirconium
tetrachloride gave a 72% yield of neopentyl(cyclopentadienyl-l-fluorenyl) zirconium
chloride.
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Introduction
The addition of nucleophiles to fulvenes has proven to be a successful route for
the preparation of substituted cyclopentadienyl ligands.1 The group IV transition metal
complexes of the bridged cyclopentadienyl ligands have been shown to catalyze
stereospecific polymerization of propene.2 Nucleophiles readily add to the six position
of fulvenes due to the dipolar character of the exocyclic double bond and the formation
of aromatic cyclopentadienyl anions.
R'
R=CH3,
R =H, CH3, C5H5




Stone and Little have reported the preparation of substituted fulvene, 1, including
of 6,6-dimethylfulvene, 6-isopropylfulvene, 6-t-butylfulvene and 6-phenylfulvene by the
reaction of cyclopentadiene with acetone, isobutyraldehyde, trimethylacetaldehyde and
1





R'=H; R=CH(CH3)2> C(CH3)3> C6H5 i
R'=R=CH3
Schaltegger and coworkers have reported the synthesis of biscyclopentadienyl
methane, 2, by addition of 1/2 equivalent of dichloro- or dibromomethane to a solution




X=Br, 30.5 % yield
preparation of biscyclopentadienyldimethylsilane, 3, in 40% yield by the treatment of 1/2




The preparation of biscyclopentadienyldimethylgermane, 4, was reported by
Kopf and Kahl in a manner similar to that used to prepare 3.6 Thus, reaction of 1/2
equivalent of dichlorodimethyl germanium with sodium cyclopentadienide gave 4.
1/2 (CH3)2GeCl2
Ewen, Jones, Razavi and Ferrara have reported the preparation of




Katz and Acton have reported the synthesis of 1,1-methylenetitanocene
dichloride, 6, in 30% yield by the reaction of bis(cyclopentadienyl)methane dianion with




50% yield by reacting the dianion of 3 with YbCl3.9 K5pf and Kahl have reported the
preparation of dimethylgermane titanocene dichloride, 8. Deprotonation of 4 with
two equivalents of n-butyllithium followed by treatment with titaniumtetrachloride gave

















Ewen, Jones, Razavi, and Ferrara have reported the preparation of isopropyl-
(cyclopentadienyl-l-fluorenyl)hafnium chloride, 9. However, no synthetic details were
given in this paper.7
Cl
Schore and coworkers have reported that diphenylphosphinomethyllithium reacts
with dimethylfulvene in ether or THF to yield exclusively the deprotonation product,





reaction of isopropenylcyclopentadienylpotassium, 11, with aqueous acid gives
dimethylfulvene, 12, in 98% yield, 5-isopropenyl-l,3-cyclopentadiene, 13, the linearly
conjugated product l-isopropenyl-l,3-cyclopentadiene, 14, or the crossconjucated
product 2-isopropenyl-l,3-cyclopentadiene, 15.11
H+/H2O
11 12 13 14 15
Hine and Knight have also reported that treatment of 6,6-dimethylfulvene with
sodium methoxide in methanol-d or potassium tert-butoxide in tert-butyl alcohol-d gives
predominately 12-di and only small amounts of 14-dj and 15-dj, which are known to be
much less stable than 12-dx-12
Hoffmann and Koch have reported that treatment of 6,6-dimethylfulvene with
lithium diisopropylamine in THF at -78 °C followed by quenching with aqueous acid at












DeKok and coworkers have reported that the coenzyme nicotinamide
dinucleotide (NAD+), 16, plays an important role in a large number of enzyme-catalyzed
oxidation-reduction reaction. They suggest that the key event of these reversible
oxidation-reduction reactions is the transfer of hydride from the substrate to the 4
position of the nicotinamide moiety of NAD+ or vice versa.14
RH +
CONH2 CONH2
Jacobus has proposed that the mechanism of the Cannizzaro reaction is a





M = Li, Na, K, Rb, Cs.
Menicagli and coworkers have reported the asymmetric reduction of ethylmethyl
ketone in the presence of tris[(s)-2-methylbutoxy] aluminum and
(.).(s).2-methyl-l-butanol, 17, to (s)-2-butanol, 18, however the optical purity of the






Couturier and Gautheron and Leblanc et. ah have reported that the asymmetric
reduction of 6-rnethyl-6-phenylfulvene using LiAlH^ (-) quinin gave, after hydrolysis
and work-up, optically active hydrocarbon 19. The optical purity of 19 was established
by preparing the known ferrocene derivative 20. Treatment of the anion of 19 with
C5H5Na and FeCl2 gave the corresponding ferrocene derivative 20.17
6 5 LiAlH4
CH, (") quinine




of 6-methyl-6-phenylfulvene with isobutyllithium in ether unexpectedly gave (1-phenyl-
ethyl)-cyclopentadienyllithium, which on treatment with zirconium tetrachloride in a 2:1










Stone and Little have reported the preparation of a wide range of substituted
fulvenes by the reaction of cyclopentadiene with a host of aldehydes and ketones in the
presence of pyrrolidine in methanol.3 However, the reaction was only reported on a very
small scale (2-5 mmol), too small to be useful for our applications. By modifing the
procedure reported by Stone and Little, we have been able to run this reaction on a much
larger scale (1.0-2.5 mol) and maintain good yield.
Table 1 Comparision of yields of fulvenes produced by Stone
and Little and current work
Fulvene






















When we examined the addition of the lithium salts of amines to fulvenes we
found that reaction of 6-tert-butylfulvene with LiN(C2H5)2 resulted in hydride addition
to give, upon work-up, neopentylcyclopentadienes, 22, in 83% yield, rather than the
10







analogous to an ene reaction. Treatment of 22 with n-butyllithium followed by






Treatment of 6-tert-butylfulvene with one equivalent of lithium
1,2,3,4-tetrahydroisoquinoline gave, upon work-up, neopentylcyclopentadienes in 71%
yield and a mixture of isoquinoline,19 3,4-dihydroisoquinoline19 and






We have also found that treatment of 6-methyl-6-phenylfulvene, a prochiral
fulvene, with one equivalent of lithium diethylamine in ether/hexane gave, upon
work-up, 78% yield of 1-cyclopentadienyl-1-phenylethanes, 24. This result suggested to
us the possibility of utilizing chiral amines and prochiral fulvenes to develope a
convenient one step procedure for the preparation of chiral cyclopentadienyl ligands,
which can be converted to transition metal metallocene derivatives. As five membered
rings are very common in natural products such as prostaglandins and pyrithiones, this






Treatment of 6-methyl-6-phenylfulvene with one equivalent of dilithio
(s)-(-)-2-pyrrolidone-5-carboxylic acid at room temperature gave, upon work-up,
1-cyclopentadienyl-l-phenylethanes in 99 % isolated yield, [a]D = 0°. Treatment of
6-methyl-6-phenylfulvene with one equivalent of dilithio
(s)-(-)-2-pyrrolidone-5-carboxylic acid at -78 °C gave, upon work-up 1-cyclopendienyl-
1-phenylethanes, 24, in 99 % isolated yield, [a]D = 6.0° (CHC13), 17.4%, ee. These
Li
/ O N .C00Li 1-) ether/hexane
2.) H2O
results are summerized in table 2.
Table 2 Reduction of 6-methyl-6-phenylfulvene with dilithio















Treatment of 6-methyl-6-phenylfulvene with one equivalent of dilithio-/-proline
at -78 °C gave, upon work-up, a 99% yield of 1-cyclopentadienyl-l-phenylethanes, 24,
[a]D = 3.0° (CHC13), 8.7%, ee.




Treatment of 24 (8.7% ee) with one equivalent of n-BuLi and then with one
equivalent of lithium cyclopentadienide and ferrous chloride gave, upon work-up,





Table 3 summerizes the results obtained from the reduction of
6-methyl-6-phenylfulvene with dilithio (s)-(-)-2-pyrrolidone-5-carboxylic acid and
dilithio-^-proline at -78 °C in ether, hexane and ether/hexame mixtures. These results
14
clearly indicate that ether/hexane is a better solvent for this reaction than either ether or
hexane, both in terms of yields and asymmetric induction, and that THF is a totally
unacceptable solvent for this reaction.


























Table 4 summarizes the effect of using different metals as counter ions on the
reduction of 6-tert-butyl fulvene with MN(C2H5)2 (M = Li, Na, K) at room temperature
in ether.
The results presented in table 3 and 4 suggests that a strong metal cation-N
interaction is important in obtaining high yields and asymmetric induction during the
reduction of 6-substituted fulvenes with LiN(CHR)R'. This may reflect an interaction of
the metal ion in the transition state of the hydride transfer with both the nitrogen of the
amine and the tc system of the fulvene.
The addition of nucleophiles to substituted fulvenes has proven to be a successful
15
Table 4 Reduction of 6-tert-butylfulvene with MN(C2H5)2
















route for the preparation of substituted cyclopentadienyl ligands. Nucleophiles readily
add to the six position of fulvenes due to the dipole character of the exocyclic double
bond and the formation of aromatic cyclopentadienyl anions. We have found that
treatment of substituted fulvenes with lithium cyclopentadienide gives 26, which upon
treatment with n-BuLi, gives 27. However, We have found that cyclopentadienyl anion
and fulvene are in equilibrium with 26 and n-BuLi also added to unreacted fulvenes to
give 28.
We have worked to develop reaction conditions under which this reaction can be
forced to the right. We have found that lithium isopropoxide will not add to or




















lithium cyclopentadienide with lithium isopropoxide in THF in the hope that the lithium
isopropoxide would be a strong enough base to remove a proton form 26-a and drive the
reaction to 27-a. However, lithium isopropoxide has proven not to sufficiently basic to
deprotonate 26-a. Along a similar line lithium diphenylamine and lithium
2,2,6,6-tetramethylpiperidine failed to drive the equilibrium to produce 27-b form
cyclopentadiene and 6-tert-butylfulvene.
Treatment of 6-tert-butylfulvene with excess of cyclopentadienyl lithium gave,
upon work up, 29 in 34 % yield. In an analogous fashion treatment of cyclopentadienyl
lithium with excess of 6-tert-butylfulvene followed by n-butyllithium gave a mixture of













Treatment of 29 with two equivalent of methylmagnesiun bromide, followed by
quenching the reaction mixture with D2O gave a mixture of 56.9% l,l-bis(cyclo-
pentadienyl)- l-tert-butylmethane-d2, 22.1% 1,1 -bis(cyclopentadienyl)- 1-tert-butyl-





Treatment of 29 with two equivalents of isopropylmagnesium chloride, a stronger
base, followed by quenching with D2O gave 84.1%
1,1 -bis(cyclopendienyl)-1-tert-butylmethane-d2, 11.6% 1,1 -bis(cyclopenta-
dienylH-tert-butylmethane-dj and 4.2% l,l-bis(cyclopentadienyl)-l-tert-butyl-






General Laboratory Materials and Equipment
All operations were performed under an inert atmosphere on a double manifold
schlenk line or in a Vacuum Atmosphere glovebox under an atmosphere of dry nitrogen.
Ether, THF and hexanes were purified by distillation from Na/K alloy undernitrogen.
Dichloromethane was distilled from P2O5 (Fisher) prior to use. Methanol (Aldrich),
pyrrolidine (Aldrich), acetic acid (Fisher), magnesium sulfate (Fisher), sodium
bicarbonate (Fisher), hydrochloric acid (Fisher), acetone (Aldrich), isobutyraldehyde
(Aldrich), benzaldehyde (Aldrich), 2-butanone (Aldrich), trimethylacetaldehyde
(Aldrich), acetophenone (Aldrich), n-butyllithium (Aldrich),
1,2,3,4-tetrahydroisoquinoline (Aldrich), ^-proline (Aldrich),
(s)-(-)-pyrrolidone-5-carboxylic acid (Aldrich), dicyclopentadiene (Aldrich),
methyllithium (Aldrich), sodium hydride (Aldrich), potassium hydride (Aldrich),
methylmagnesium bromide (Aldrich), isopropylmagnesium chloride (Aldrich), ferrous
chloride (Srrem), cyclopentadienyltitanium trichloride(Strem), zirconium tetrachloride
(Alfa) and fluorene (Fluka) were used as purchased. Diethylamine (Aldrich) was
distilled from BaO (Aldrich) prior to use.
*H NMR spectra were recorded at 250 MHz on a Bruker 250 MHz NMR
spectrometer. Spectra were measured at ambient temperatures in CDC13, using
tetramethylsilane as an internal standard. GC/MS were recorded on a Hewlett-Packard
5995 Gas Chromatography/Mass Spectrometer using a HP-1 crosslinked methyl silicone




6,6-Dimethylfulvene was prepared by a modification of Little's procedure:3 To a
solution of 15 mL of acetone (0.20 mol) and 41 mL of freshly cracked cyclopentadiene
(0.50 mol) in 150 mL of methanol was added 25 mL of pyrrolidine (0.30 mol). The
resulting solution was stirred for 15 minutes at room temperature. Acetic acid, 18 mL,
(0.32 mol) was added to the bright yellow solution, the solvent was removed under
vacuum and the residue diluted with 70 mL each of ether and water. The aqueous layer
was extracted with two 30 mL portions of ether and the combined organic layers were
washed with 40 mL of water, and then dried over MgSO4. Removal of the solvent under
vacuum gave 19 g (92% yield) of 6,6-dimethylfulvene3 as a light yellow oil.
*H NMR (250 MHz, CDC13); 8: 6.50-6.47 (m, 4H); 2.18 (s, 6H).
Preparation of 6-isopropylfuIvene
6-Isopropylfulvene was prepared by a modification of Little's procedure:3 To a
solution of 9.1 mL of isobutyraldehyde (0.10 mol) and 21 mL of freshly cracked
cyclopentadiene (0.25 mol) in 100 mL of methanol was added 13 mL of pyrrolidine
(0.15 mol). The resulting solution was stirred for 15 minutes at room temperature.
Acetic acid, 9 mL, (0.16 mol) was added to the bright yellow solution, the solvent was
removed under vacuum and the residue diluted with 40 mL each of ether and water. The
aqueous layer was extracted with two 20 mL portions of ether and the combined organic
layers were washed with 20 mL of water, and then dried over MgSO4. Removal of the
solvent gave 11 g (93% yield) of 6-isopopylfulvene3 as a deep yellow oil.




6-Tert-butylfulvene was prepared by a modification of Little's procedure:3 To a
solution of 11 mL of trimethylacetaldehyde (0.10 mol) and 21 mL of freshly cracked
cyclopentadiene (0.25 mol) in 100 mL of methanol was added 13 mL of pyrrolidine
(0.15 mol). The resulting solution was stirred for 18 h at room temperature. Acetic acid,
9 mL, (0.16 mol) was added to the deep red solution, the solvent was removed under
vacuum and the residue diluted with 40 mL each of ether and water. The aqueous layer
was extracted with two 20 mL portions of ether and the combined organic layers were
washed with 20 mL of water, and then dried over MgSC>4. Removal of the solvent gave
9.6 g (72% yield) of 6-tert-butylfulvene3 as a deep red oil.
*H NMR (250 MHz, CDC13); 8: 6.68-6.66 (m, 1H); 6.59-6.58 (m, 1H); 6.42 (s,
1H); 6.39-6.37 (m, 1H) 6.17-6.14 (m, 1H); 1.28 (s, 9H).
Preparation of 6-phenylfuIvene
6-Phenylfulvene was prepared by a modification of Little's procedure:3 To a
solution of 10 mL of benzaldehyde (0.10 mol) and 21 mL of freshly cracked
cyclopentadiene (0.25 mol) in 100 mL of methanol was added 13 mL of pyrrolidine
(0.15 mol). The resulting solution was stirred for 5 h at room temperature. Acetic acid,
9 mL, (0.16 mol) was added to the solution, the solvent was removed under vacuum and
the residue diluted with 40 mL each of ether and water. The aqueous layer was extracted
with two 20 mL portions of ether and the combined organic layers were washed with 20
mL of water, and then dried over MgSO4. Removal of solvent gave 13 g (84% yield) of
6-phenylfulvene20 as a deep red oil.
*H NMR (250 MHz, CDC13); 8: 7.56 (d, 1H); 7.52 (d, 1H); 7.39-7.23 (m, 3H);
7.17 (s, 1H); 6.67-6.63 (m, 2H); 6.50-6.48 (m, 1H); 6.31-6.29 (m, 1H).
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Preparation of 6-ethyl-6-methylfulvene
To a solution of 9.0 mL of 2-butanone (0.10 mol) and 21 mL of freshly cracked
cyclopentadiene (0.25 mol) in 100 mL of methanol was added 13 mL of pyrrolidine
(0.15 mol). The resulting solution was stirred overnight at room temperature. Acetic
acid, 9 mL, (0.16 mol) was added to the solution. The solvent was removed under
vacuum, and the residue diluted with 40 mL each of ether and water. The aqueous layer
was extracted with two 20 mL portions of ether and the combined organic layers were
washed with 20 mL of water, and then dried over MgSO4. Removal of the solvent gave
9.3 g (78% yield) of 6-ethyl-6-methylfulvene as a light yellow oil.
*H NMR (250 MHz, CDC13); 5: 6.48 (m, 4H); 2.53 (q, 2H); 2.17 (s, 3H); 1.15 (t,
3H).
Preparation of 6-methyl-6-phenylfulvene
To a solution of 28 mL of acetophenone (0.24 mol) and 20 mL of freshly cracked
cyclopentadiene (0.24 mol) in 100 ml of methanol was added 30 mL of pyrrolidine (0.36
mol). The resulting solution was stirred overnight at room temperature. Acetic acid, 21
mL, (0.37 mol) was added to the solution. The solvent was removed under vacuum and
the residue diluted with 40 mL each of ether and water. The aqueous layer was extracted
with two 30 mL portions of ether and the combined organic layers were washed with 40
mL of water, and then dried over MgSO4. Removal of solvent gave a deep red oil. This
deep red oil was purified by column chromatography using hexane as the elutant. The
packing material was silica gel. Removal of solvent gave 20 g (50% yield) of
6-methyl-6-phenylfulvene21 as a deep red oil.
XH NMR (250 MHz, CDC13); 8: 7.35-7.29 (m, 5H); 6.62-6.60 (m, 1H); 6.55 (m,
1H); 6.46-6.44 (m, 1H); 6.19-6.17 (m, 1H); 2.48 (s, 3H).
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Reduction of 6-tert-butylfulvene with lithium diethylamine
To a solution of 3.9 mL of diethylamine (37 mmol) in 30 mL of ether was added
25 mL of n-BuLi (1.6 M in hexanes, 39 mmol) at 0 °C. This solution was stirred 2 h at
room temperature. 6-tert-Butylfulvene, 1.0 g, (7.5 mmol) was added at 0 °C dropwise.
The resulting solution was stirred for 1 h at room temperature. Water, 20 mL, was added
at 0 °C. The organic layer was separated and dried over MgSO4. Removal of the solvent
gave 1.1 g of a mixture of neopentylcyclopentadiene and 6-tert-butylfulvene as a light
yellow oil. The ratio was found by NMR to give 83% yield of
neopentylcyclopentadiene.
Mass Spec, m/e, assignment, % abundance: 136, P1", 14.5%; 121, (P-CH3)+,
8.6%; 79, (P-C4H9)+, 35.6%; 65, (P-C4H9-CH2)+, 4.3%; 57, (P-CH(C5H5))+, 100%.
Reduction of 6-tert-butylfulvene with sodium diethylamine
Sodium hydride, 0.3 g, (60% dispersion in mineral oil, 7.5 mmol) was washed
with hexane then 20 mL of ether was added. Diethylamine, 0.77 mL, (7.5 mmol) was
added dropwise at 0°C. This solution was stirred overnight at room temperature.
6-Tert-Butylfulvene, 1.0 g, (7.5 mmol) was added at 0 °C dropwise. The resulting
solution was stirred overnight at room temperature, hydrolyzed and examined by
GC/MS. Only starting materials were detected.
Reduction of 6-tert-butylfulvene with potassium diethylamine
Potassium hydride, 0.86 g, (35% dispersion in mineral oil, 7.5 mmol) was washed
with hexane then 20 mL of ether was added. Diethylamine, 0.77 mL, (7.5 mmol) was
added dropwise at 0°C. This solution was stirred overnight at room temperature.
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6-Tert-Butylfulvene, 1.0 g, (7.5 mmol) was added at 0 °C dropwise. The resulting
solution was stirred overnight at room temperature, hydrolyzed and examined by
GC/MS. Only starting materials were detected.
Reduction of 6-tert-butvIfulvene with lithium 1,2,3,4-tetrahvdroisoquinoline
To a solution of 0.93 mL of 1,2,3,4-tetrahydroisoquinoline (7.5 mmol) in 20 mL
of ether was added 4.9 mL of n-BuLi (1.6 M solution in hexanes, 7.8 mmol) at 0 °C.
This solution was stirred for 2 h at room temperature. 6-tert-Butylfulvene, 1.0 g, (7.5
mmol) was added dropwise at 0 °C. The resulting solution was stirred overnight at room
temperature. 5% HC1, 20 mL, was added dropwise at 0 °C. The organic layer was
separated and then dried over MgSO4. Removal of solvent gave 0.8 g of a mixture of
neopentylcyclopentadiene and 6-tert-butylfulvene as a light yellow oil. The ratio was
found by NMR to give 71% yield of neopentylcyclopentadiene. The water layer was
saturated with NaHCO3 and then extracted with two 20 mL portions of ether. The
combined ether layers were dried over MgSO4. Removal of solvent gave 0.7 g (72%
yield) of a mixture of 3,4-dihydroisoquinoline19, 1,4-dihydroisoquinoline and
isoquinoline19 as identified by NMR and GC/MS.
Reduction of 6-methyl-6-phenylfulvene with lithium diethyl amine.
To a solution of 0.62 mL of diethylamine (6.0 mmol) in 20 mL of ether was
added 3.9 mL of n-BuLi (1.6 M solution in hexanes, 6.3 mmol) at 0 °C. This solution
was stirred 2 h at room temperature. 6-Methyl-6-phenylfulvene, 1.0 g, (6.0 mmol) was
added dropwise at 0 °C. The resulting solution was stirred 12 h at room temperature.
Water, 20 mL, was added at 0 °C. The organic layer was separated and dried over
MgSO4. Removal of solvent gave 0.9 g of a mixture of
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1-cyclopentadienyl-l-phenylethane and 6-methyl-6-phenylfulvene as a yellow oil. The
ratio was found by NMR to give 78% yield of 1-cyclopentadienyl-l-phenylethane.
Mass Spec, m/e, assignment, % abundance: 170, P+, 65.7%; 155, (P-CH3)+,
100%; 77, (P-CH3-CH(C5H5))+, 60.0%, 65, (P-CH3-CH(C6H5))+-24.1%.
Reduction of 6-methyl-6-phenylfuIvene with dilithio-l-proline in ether/hexane (3:1)
To a solution of 1.4 g of ^-proline (12 mmol) in 40 mL of ether was added 15 mL
of n-BuLi (1.6 M solution in hexanes, 24 mmol) at 0 °C. This solution was stirred
overnight at room temperature and then cooled to -78 °C. 6-Methyl-6-phenylfulvene, 2.0
g, (12 mmol) in 5 mL of ether was added dropwise at -78 °C. The resulting solution was
stirred 6 h at -78 °C. Water, 20 mL, was added dropwise at -78 °C and the solution
warmed to room temperature. The organic layer was separated and washed with aqueous
NaHCO3) H2O and then dried over MgSO4. Removal of the solvent gave 2.0 g (99%
yield) of 1-cyclopentadienyl-l-phenylethane as a light yellow oil. [a]D=3.0° (CHC13),
8.7% ee.
Reduction of 6-methyl-6-phenylfulvene with dilithio-l-proline in THF
n-BuLi, 15 mL, (1.6 M solution in hexanes, 24 mmol) was added to a 100 mL
three necked round bottom flask with nitrogen inlet. The solvent was removed under
vacuum. THF, 30 mL, was added and 1.4 g of /-proline (12 mmol) in 10 mL of THF
was added dropwise at 0 °C. This solution was stirred overnight at room temperature.
6-Methyl-6-phenylfulvene, 2.0 g, (12 mmol) was added dropwise at -78 °C . The
resulting solution was stirred for 5 h at -78 °C, 5 h at 0 °C, and overnight at room
temperature. Water, 20 mL, was added at 0 °C and the solution warmed to room
temperature. The organic layer was separated and washed with aqueous NaHCO3, H2O
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then dried over MgSO4. Removal of solvent gave 1.2 g (60%) recovery of unreacted
6-methyl-6-phenylfulve.
Reduction of 6-methvI-6-phenvIfuIvene with dilithio (S)-(-)-2-pvrroIidone-
5-carboxvlie acid in ether/hexanes (5.8:1)
To a solution of 0.77 g of dilithio (s)-(-)-2-pyrrolidone-5-carboxylic acid (6
mmol) in 40 mL of ether was added 7.8 mL of n-BuLi (1.6 M solution in hexanes, 13
mmol) at 0 °C. This solution was stirred for 30 min at room temperature.
6-Methyl-6-phenylfulvene, 1.0 g, (6 mmol) in 5 mL of ether was added dropwise at -78
°C and the color of the reaction mixture turned green. The resulting solution was stirred
for 7 h at -78 °C and the color of the reaction mixture turned yellow. Water, 25 mL, was
added dropwise at -78 °C and the solution warmed to room temperature. The organic
layer was separated and washed with aqueous NaHCO3, H2O and then dried over
MgSO4. Removal of solvent gave 1.0 g (99% yield) of 1-cyclopentadienyl-l-phenyl-
ethane as a light yellow oil. [oc]D=6.0° (CHC13), 17.4% ee.
Reduction of 6-methvI-6-phenytfuIvene with diiithio (S)-(-)-2-pyrroIidone-
5-carboxylic acid in ether/hexanes (2.8:1)
To a solution of 1.5 g of dilithio (s)-(-)-2-pyrrolidone-5-carboxylic acid (12
mmol) in 40 mL of ether was added 16 mL of n-BuLi (1.6 M solution in hexanes, 25
mmol) at 0 °C. This solution was stirred for 30 min at room temperature.
6-Methyl-6-phenylfulvene, 1.0 g, (6 mmol) in 5 mL of ether was added dropwise at -78
°C and the color of the reaction mixture turned green. The resulting solution was stirred
for 7 h at -78 °C and the color of the reaction mixture turned yellow. Water, 25 mL, was
added dropwise at -78 °C and the solution warmed to room temperature. The organic
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layer was separated and washed with aqueous NaHCO3, H2O and then dried over
MgSO4. Removal of solvent gave 1.0 g (99% yield) of
1-cyclopentadienyl-l-phenylethane as a light yellow oil. [oc]D=6.0° (CHC13), 17.4% ee.
Reduction of 6-methvl-6-phenylfulvene with dilithio (s)-(-)-2-pyrroIidone-
5-carboxvlic acid in ether
To a solution of 0.77 g of dilithio (s)-(-)-2-pyrrolidone-5-carboxylic acid (6
mmol) in 40 mL of ether was added 7.8 mL of n-BuLi (1.6 m solution in hexanes, 13
mmol) at 0 °C. This solution was stirred for 30 min at room temperature. The solvent
was removed under vacuum and 25 mL of ether added. 6-Methyl-6-phenylfulvene , 1.0
g, (6 mmol) in 5 mL of ether was added dropwise at -78 °C and the color of the reaction
mixture turned green. The resulting solution was stirred for 7 h at -78 °C and the color
of the reaction mixture turned yellow. Water, 25 mL, was added dropwise at -78 °C and
the solution warmed to room temperature. The organic layer was separated and washed
with aqueous NaHCO3, H2O and then dried over MgSO4. Removal of solvent gave 0.9 g
(89% yield) of 1-cyclopentadienyl-l-phenylethane as a light yellow oil. [a]D=2.0°
(CHCL3), 5.8% ee.
Reduction of 6-methvl-6-phenylfuIvene with dilithio (s)-(-)-2-pyrrolidone-
5-carboxylic acid in hexane
To a solution of 0.77 mL of dilithio (s)-(-)-2-pyrrolidone-5-carboxylic acid (6
mmol) in 40 mL of ether was added 7.8 mL of n-BuLi (1.6 M solution in hexanes, 13
mmol) at 0 °C. This solution was stirred for 30 min at room temperature. The solvent
was removed under vacuum and 25 mL of hexane added. 6-Methyl-6-phenylfulvene, 1.0
g, (6 mmol) in 5 mL of hexane was added dropwise at -78 °C. The resulting yellow
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solution was stirred for 7 h at -78 °C. Water, 25 mL, was added dropwise at -78 °C and
the solution warmed to room temperature. The organic layer was separated and
washed with aqueous NaHCO3, H2O and then dried over MgSO4. Removal of solvent
gave 0.8 g (79% yield) of 1-cyclopentadienyl-l-phenylethane as a light yellow oil.
[a]D=2.0° (CHC13), 5.8% ee.
Reduction of 6-methyl-6-phenylfulvene with dilithio (s)-(-)-2-pyrroIidone-
5-carboxyiic acid in ether/hexane (5.1:Pat room temperature
To a solution of 0.77 mL of dilithio (s)-(-)-2-pyrrolidone-5-carboxylic acid (6
mmol) in 40 mL of ether was added 7.8 mL of n-BuLi (1.6 M solution in hexanes, 13
mmol) at 0 °C. This solution was stirred for 30 min at room temperature.
6-Methyl-6-phenylfulvene, 1.0 g, (6 mmol) was added dropwise at 0 °C. The resulting
solution was stirred for 2 h at room temperature. Water, 25 mL, was added dropwise at 0
°C and the solution warmed to room temperature. The organic layer was separated and
washed with aqueous NaHCO3f H2O and then dried over MgSO4. Removal of solvent
gave 1.0 g (99% yield) of 1-cyclopentadienyl-l-phenylethane as a light yellow oil.
[a]D=0.0° (CHCI3).
Preparation of l,l-bis(cvclopentadienvl)-l-tert-butylmethanedianion
To a solution of 6.2 mL of cyclopentadiene (75 mmol) in 100 mL of THF was
added 49 mL of n-BuLi (1.6 M in hexanes, 78 mmol) at 0 °C. The resulting solution was
stirred for 2 h at room temperature. The reaction mixture was cooled to 0 °C and
6-tert-butylfulvene, 5.0 g, (37 mmol) was added dropwise. The resulting solution was
refluxed overnight. The solvent was removed under vacuum and 40 mL of hexane
added. The resulting suspension was filtered and washed with hexane to remove
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unreacted fulvene. The yellow solid was then dissolved in 30 mL of THF and 30 mL of
water was added dropwise at 0 °C. The organic and aqueous layers were separated and
the organic layer was dried over MgSO4. The solvent and unreacted cyclopentadiene
were removed under vacuum to give 2.5 g (34% yield) of l,l-bis(cyclopentadienyl)-
1-tert-butylmethane as a deep yellow oil. This deep yellow oil, 0.7 g, (3.5 mmol) was
taken up in 20 mL of THF and cooled to 0 PC. Methylmagnesium bromide, 2.3 mL, (3.0
M solution in diethyl ether, 7 mmol) was added at 0°C. The reaction mixture was
allowed to stir at room temperature overnight. The reaction was quenched with D2O to
give a mixture of 56.9% I,l-bis(cyclopentadienyl)-l-tert-butylmethane-d2, 22.0%
l.l-bis^yclopentadienylj-l-tert-butyhnethane-dj and 21.1% l,l-bis(cyclopentadienyl)-
l-tert-butylmethane-do- The reaction mixture was examined by GC/MS. (No fulvene or
cyclopentadiene were detected.)
Mass Spec, m/e, assignment, % abundance: 202, P+, 9.9%; 145, (P-CH3)+,
100%; 79, (P-CH3-C5H4D)+, 21.0%; 66, (P-CH3-CH(C5H4D))+, 21.5%.
l,l-Bis(cyclopentadienyl)-l-tert-butylmethane, 0.66 g, (3.3 mmol) was added in
15 mL of THF and cooled to 0 °C. Isopropylmagnesium chloride, 3.4 mL, (2.0 M
solution in diethyl ether, 6.8 mmol) was added at 0°C. The reaction mixture was allowed
to stir at room temperature overnight. The reaction was quenched with D2O to give a
mixture of 84.1% l,l-bis(cyclopentadienyl)-l-tert-butylmethane-d2, 11.6% 1,1-bis-
(cyclopentadienylH-tert-butylmethane-d! and 4.2% l,l-bis(cyclopentadienyl)l-tert-
butylmethane-do. The reaction mixture was examined by GC/MS. (No fulvene or
cyclopentadiene were detected.)
Mass Spec, m/e, assignment, % abundance: 202, P+, 17.6%; 145, (P-CH3)+,
100%; 79, (P-CH3-C5H4D)+, 10.9%; 66, (P-CH3-CH(C5H4D))+, 13.3%.
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Preparation of l-evclopentadienvl-l-fluorenvl-2,2-dimethvIpropane
To a solution of 1.2 g fluorene (7.5 mmol) in 20 mL of THF was added 5.0 mL of
MeLi (1.5 M in diethyl ether, 7.5 mmol) at -78 °C. This orange colored solution was
stirred overnight at room temperature. The reaction mixture was cooled to 0 °C and
6-tert-butylfulvene, 1.0 g, (7.5 mmol) was added dropwise. The resulting deep red
solution was refluxed for 10 h and the color of the solution turned black. The reaction
mixture was cooled to 0 °C and 20 mL of water added. The organic and aqueous layers
were separated and the organic layer dried over anhydrous MgSO4. The solvent was
removed under vacuum to give a yellow oil. This yellow oil was dissolved in a small
amount of hexane and cooled to 0 °C then filtered to removed unreacted fluorene. The
liquid was then cooled to -78 °C and filtered to remove unreacted 6-tert-butylfulvene to
give 1.0 g (44% yield) l-cyclopentadienyl-l-fluorenyl-2,2-dimethylpropane as a yellow
solid.
Mass Spec, m/e, assignment, % abundance: 135, (C10H15)+, 100%; 165,
(Cl3Hg)+, 49%; 300, (C^H^r, 7.5%
Attempted Preparation of neopentvKcvclopentadienvI-l-fluorenvnzirconium
chloride
To a solution of 0.7 g of l-cyclopentadienyl-l-fluorenyl-2,2-dimethylpropane
(3.3 mmol) in 20 mL of THF was added 4.2 mL of n-BuLi (1.6 M in hexanes, 6.6
mmol) at 0 °C. This deep red solution was stirred overnight at room temperature.
Zirconium tetrachloride, 0.78 g, (3.3 mmol) was added at 0 °C. The resulting solution
was allowed to warm to room temperature and refluxed overnight. The solvent was
removed under vacuum and the solid was taken up in 20 mL of dichloromethane. The
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resulting suspension was then filtered and the solvent was removed under vacuum to
give 1.1 g (72% yield from l-cyclopentadienyl-l-fluorenyl-2,2-dimethylpropane)
neopentyl(cyclopentadienyl-l-fluorenyl)zirconium chloride.
Preparation of (T^-C^CHUCfCEU
To a solution of 1.5 mL of diethylamine (15 mmol) in 40 mL of ether was added
9.8 mL of n-BuLi (1.6 M in hexanes, 16 mmol) at 0 °C. This solution was stirred
overnight at room temperature. The reaction mixture was cooled to 0 °C,
6-tert-butylfulvene, 2.0 g, (15 mmol) was added dropwise. The resulting solution was
stirred 4 h at room temperature. The solvent was removed under vacuum and ether, 40
mL, was added. Zirconium tetrachloride, 1.7 g, (7.5 mmol) was added at 0 °C. The
resulting solution was allowed to warm to room temperature and refluxed overnight.
The solvent was removed under vacuum and the solid was taken up in 40 mL of
dichloromethane. The resulting suspension was then filtered and solvent was removed
under vacuum. The solid was precipitated in 20 mL of ether and filtered to give 0.60 g
(19% yield) of Cn.5-C5H4CH2C(CH3)3)2ZrCl2 as a light yellow solid.
JH NMR (250 MHz, CDC13); 8: 6.31 (t, 4H); 6.19 (t,4H); 2.48 (s, 4H); 0.89 (s,
18H).
Mass Spec, m/e, assignment, % abundance: 430, Pj"1" (C2oH3OZr9oCl352), 63.8%;
431, P2+ (C2OH3oZr91Cl352), 26.9%; 434, P3+ (C20H30Zr90Cl372), 45.9%; 435, P4+
(CjoHgoZr^Cl37^, 12.4%; 395, (Pi+-Cl35), 60.9%; 396, (P2+-C135), 91.7%; 397,
(P3+-C137), 33.3%; 398, (P4+-C137), 63.3%; 338, (P1+-C135-C4H9), 85.7%; 339,
(P2+-C135-C4H9), 100%; 340, (P^-CF-QHc,), 46.6%; 341, (P4+-C137-C4H9), 68.9%.
Preparation of rC«H«irCJUCH(CEU)C«Hc)1Fe
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To a solution of 0.6 g of 1-cyclopentadienyl-l-phenylethane (3.5 mmol) ([<x]D=3,
8.7% ee) in 15 mL of THF was added 2.2 mL of n-BuLi (1.6 M solution in hexanes, 3.5
mmol) at 0 °C. This solution was stirred for 2 h at room temperature. To a solution of
0.29 mL of cyclopentadiene (3.5 mmol) in 15 mL of THF was added 2.2 mL of n-BuLi
(1.6 M solution in hexanes, 3.5 mmol) at 0 °C. This solution was stirred for 2 h at room
temperature. These two solutions were combined and 0.45 g of anhydrous ferrous
chloride (3.5 mmol) was added at 0 °C. The mixture was refluxed for 2 h, during which
the solution turned dark red. The solution was then cooled to room temperature and the
solvent removed under vacuum. The residue was taken up in ether and washed with
saturated aqueous ammonium chloride. The organic layer was separated, dried over
MgSO4 and then filtered. Removal of the solvent gave 0.9 g yellow solid. This yellow
solid was purified by silica gel column chromatography using hexane as the eluent.
Removal of the solvent gave 0.3 g of [C5H5][C5H4(CH(CH3)C6H5)]Fe as a yellow oil.
[a]D=11.54° (hexane), 10.5% ee.
Preparation of fCgHf][CpH4(CH(CH3)CfFH?)1TiCl?
To a solution of 0.7 g of 1-cyclopentadienyl-l-phenylethane (17.4% ee) (4.1
mmol) in 15 mL of ether was added 2.7 mL of n-BuLi (1.6 M solution in hexanes, 4.3
mmol) at 0 °C. This solution was stirred for 2 h at room temperature. The reaction
mixture was cooled to 0 °C and cyclopentadienyltitanium trichloride, 0.90 g , (4.1 mmol)
was added at 0 °C. The resulting solution was allowed to warm to room temperature and
refluxed for 3 h. The solvent was removed under vacuum and the solid taken up in 20
mL of dichloromethane. The resulting suspension was then filtered and the solvent
removed under vacuum to give 0.7 g (48% yield) of
[C5H5][C5H4(CH(CH3)C6H5)]TiCl2 as a red solid.
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Preparation of fCJi»(CH(CH?)CfHg)12ZrCl7
To a solution of 0.7 g of 1-cyclopentadienyl-l-phenylethane (17.4% ee) (4.1
mmol) in 15 mL of ether was added 2.7 mL of n-BuLi (1.6 M solution in hexanes, 4.3
mmol) at 0 °C. This solution was stirred for 2 h at room temperature. The reaction
mixture was cooled to 0 °C and zirconium tetrachloride, 0.24 g, (2.1 mmol) was added.
The resulting solution was allowed to warm to room temperature and refluxed for 3 h.
The solvent was removed under vacuum and the solid taken up in 20 mL of
dichloromethane. The resulting suspension was then filtered and solvent removed under
vacuum to give 0.8 g (78% yield) of [C5H4(CH(CH3)C6H5)]2ZrCl2 as a pale yeUow
solid.
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